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Many environmental factors influence the busi-
ness decisions that are usually the responsibili-
ties of the laboratory manager in today’s clinical
laboratory.1 These factors include physician ex-
pectations of laboratory turnaround time (TAT),
number of physician orders, and quality of the
laboratory results, finances and physical spaces.1
A comprehensive satisfaction of these factors seems
plausible but may lead to an inevitable increase
in health care costs.2,3 Laboratory managers must
find ways to strike a balance between quality of
patient care and profitability within the laboratory
to optimize quality of care without compromis-
ing profitability or cost effectiveness.4 Timeliness,
accuracy, precision and test selection are the four
most important quality characteristics in clinical
laboratory management,2 among which timeli-
ness, or the so-called TAT, plays a key role in ap-
propriate laboratory interaction with the clinical
staff.5 The prolonged time needed for completion
of stat results might cause delays in the treatment
of patients.6 How to deliver services in a timely
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and efficient manner with minimal personnel ex-
penses becomes a major issue to be addressed in
today’s laboratory management.6,7
Physicians in clinical service areas such as the
operating room, emergency department, and in-
tensive care units are demanding that informa-
tion be available within minutes of realizing the
need for it. Due to the slow TAT of routine tests, a
high proportion of stat tests ordered in our hos-
pital occurred. To shorten TAT, a Stat Laboratory
was set up in our hospital. Stat Laboratory test-
ing offers many advantages over the central labo-
ratory as a mechanism for delivering rapid and
faster TAT.2 Maintaining TAT within a reasonable
range was essential to satisfy physician and pa-
tient needs for critical care.5 The actual TAT of
each test was measured by subtracting the date
and time at which the order entry into the home-
made laboratory information system (LIS) by the
physician was completed from the date and time
at which the result was verified and released. It can
be stratified into two critical components: time
of delivery to the laboratory and time of test re-
sulting, the latter of which is defined as the time
interval between receipt of the specimen in the
laboratory and the reporting of final data into the
LIS, thus representing laboratory effectiveness.
Because the sample collection and transport
phases were not managed by our staff, in these
institutions TAT was considered the receipt-to-
report time for measuring laboratory performance.
The 90th percentile test TAT is the best measure
for summarizing the frequency of mishaps and
tracking further improvement.8,9 Our study aimed
to evaluate the time of test resulting, or the ana-
lytical TAT, in our Stat Laboratory by use of the
LIS, identifying specific test processes and striv-
ing to reengineer the workflow path by eliminat-
ing multiple handling steps and bottlenecks to
shorten the analytical TAT.
Methods
We used the LIS at a 2000-bed medical center in-
cluding 220-bed intensive care units to analyze
the analytical TAT of a dedicated Stat Laboratory
from 2001 to 2003. This Stat Laboratory was set up
to provide all emergency testing for emergency
department, outpatient, and inpatient in order to
have a faster TAT. All other routine testing is ex-
amined in the central laboratory. The tests were
ordered into the LIS by physicians at point of
blood draw. The Stat Laboratory was equipped
with Vitros-950 analyzer for biochemical testing
(BCS), Vitros Eci for troponin-I (Tn-I) testing,
Radiometer ABL-520 for arterial blood gas analy-
sis, Sysmex SE-9000 for complete blood cell count-
ing, Sysmex KX-21 for white and red cell counting
in body fluid, and Clinitek Atlas for automated
urinalysis. Prothrombin time and activated par-
tial thromboplastin time were measured with a
Behring Coagulation Timer (BCT). All the instru-
ments were interfaced to the LIS through RS232
data port.
The specimen requirements and instruments
were not changed during the study period. The
laboratory was also outfitted with a pneumatic
tube receiving/sending station in addition to the
delivery of samples by courier. The laboratory tests
can be divided into those that are automated and
manually performed, such as Gram’s stain and
acid-fast stain, blood smear, urine sediment, stool
occult blood, cerebrospinal fluid exams, body
fluid exams, and pregnancy test. The Stat Labora-
tory operated 24 hours a day, 7 days a week on a
three-shift basis and was staffed accordingly.
Data collection
The LIS automatically captured the receipt and
reporting times for all specimens submitted to the
Stat Laboratory. The requests were logged into the
LIS and all results prior to release were verified by
a medical technologist without autoverification.
Analytical TAT was calculated by subtracting the
time at which order entry was completed from
the time at which the result was verified, or so-
called receipt-to-verification TAT. We obtained TAT
data from the LIS. The percentile TAT of days with
the highest and lowest daily test volumes in 
1 month were calculated from 2001 to 2003. The
10th, 50th and 90th percentile TATs of the three shifts
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and of different items were analyzed and plotted
accordingly for the 4 half-years of the study period
from 2001 to 2002.
Improvement strategies
The average test volumes and analytical TAT in 
2-hour intervals during the 24-hour period were
plotted. The time period with the longest TAT was
picked out and further analyzed according to in-
dividual laboratory test items. We selected the
item that was most severely delayed and reengi-
neered the operating process in order to shorten
the TAT.
Finally, the median values of the 90th percentile
TAT for Tn-I and the average overall 90th percentile
TAT were calculated by month from 2001 to 2003.
During this period, the workload increased slightly
(about 8% per year).
Statistical methods
The two-tailed, paired Student’s t test was used 
to test for significance of differences between the
daily sample size in the latter 3 half-years and the
first half-year. The same statistical methods were
used to compare the 90th percentile TAT of Tn-I
among the year-average, at 4:00–6:00 AM, and at
16:00–18:00 PM.
Results
The monthly 10th, 50th and 90th percentile TATs
were interrelated positively with the amount of
specimen on the 2 days with the highest and low-
est daily volumes of specimen (data not shown).
The overall 90th percentile TAT was 40–49 minutes.
When the mean daily specimen volume and 10th,
50th and 90th percentile TATs were plotted for the
4 half-years of the study, a significant increase in
sample volume was observed (p< 0.05 for Jan–Jun
2002 and p < 0.001 for Jul–Dec 2002, when com-
pared to Jan–Jun 2001). However, the TATs did
not differ significantly (p = 0.43 and p = 0.27, 
respectively) (Figure 1).
The specimen volume and TATs in 2-hour 
intervals are shown in Figure 2. There were two
peaks of TAT. The first one was at 4:00–6:00 AM
and the second longest 90th percentile TAT was
during 16:00–18:00 PM. Figure 3 shows the 90th
percentile TAT of individual test item and reveals
that Tn-I testing was most severely delayed (p <
0.005 for 4:00–6:00 AM and p < 0.05 for 16:00–
18:00 PM, when compared to the year-average).
We sketched a workflow chart of the Tn-I testing
process and reengineered the process to achieve
a more satisfactory 90th percentile TAT (Figure 4).
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Figure 1. Mean daily specimen volume and the 90th, 50th and 10th percentile turnaround times (TATs) plotted for 
4 half-years of the study.
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The 90th percentile TAT of Tn-I testing from 2001
to 2003 is shown in Figure 5.
Discussion
As Shewhart developed the concept of statistical
control,10 to control a phenomenon through the
use of past experience by gathering facts, ascertain-
ing causes and developing alternatives became the
main issues in today’s management concept.11,12
Timeliness is one of the most important attributes
of a stat laboratory test, but its importance has
often been overlooked. In some situations, the
speed with which results are reported may be more
important than getting a high level of accuracy.13
The College of American Pathologists’ Q-Probes
study in 1990 identified the TAT from phlebot-
omy to reporting of results as the ‘‘most impor-
tant characteristic for stat laboratory testing’’ and
provided TATs for various laboratory tests.14 Poor
laboratory performance in terms of long TAT hav-
ing a major impact on patient care has also been
reported.15–17 Although delays in TAT are often a
result of process problems, they can also be related
to design and equipment factors. The method of
sample delivery to the laboratory is one such factor
that has potential to have an impact on total TAT.
The pneumatic tube system has been reported to be
a rapid method of transporting specimens.18
Various measurement parameters have been
used to express TAT, including proportion of 
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Figure 2. Specimen volume
and 90th percentile turn-
around time (TAT) (--) in 
2-hour intervals during the
24-hour period of a day.
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Figure 3. Comparison of 90th percentile turnaround time (TAT) between different test items at 4:00–6:00 AM (--),
16:00–18:00 PM (--) and that of the year-average (--). *p < 0.005; †p < 0.05.
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acceptable results.19 Outliers do not significantly
affect mean and median TATs, and, thus, these
two parameters are not good statistical indicators
for laboratories with good performance that want
to improve further.9 Increases in the TAT outlier
percentage from core laboratory testing have
been shown to add directly to the emergency de-
partment length of stay.20 Since the 90th percentile
TAT could be used to identify the frequency of
outliers,9 we chose it to represent the target of our
improvement strategy. Changes must be considered
for staffing and personnel scheduling, equipment
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Logged in 
Centrifuge 
Testing all chemistry tests except Tn-I 
Testing Tn-I after completion of all other chemistry tests 
Verification of Tn-I result after verifying all
other chemistry results 
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B
Figure 4. Workflow chart: (A) before, and (B) after process reengineering for troponin-I (Tn-I) testing.
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Figure 5. Comparison of the 90th percentile turnaround time (TAT) of troponin-I testing at 4:00–6:00 AM (--) and
16:00–18:00 PM (--) with the average yearly TAT at 4:00–6:00 AM (solid line) and 16:00–18:00 PM (dash-dotted line)
during 2001 to 2003. The white arrow indicates the time of addition of one technologist and the black arrow indicates
the time of process reengineering.
purchase and use, and work flow patterns and
processes.21 The increment in specimen amounts
processed by automated machine had no obvious
effects on TAT; however, any increment in man-
ual test volume necessitated a parallel increment
in manpower to maintain the TAT within the ideal
range. Through the analysis of sample volume,
we found that although a significant increase in
sample volume was observed during 2001 to 2002,
the TATs did not differ significantly because of
the hiring of an additional one technologist in
September 2001 to share the increased workload.
Our study endeavored to use statistical analysis of
the analytical TAT to achieve the objective of con-
tinuous quality improvement. First of all, analysis
of the 90th percentile TAT revealed extreme values
in the Stat Laboratory. The prolonged TATs were
reported to be caused by the following reasons:
(1) loss of specimens; (2) inadequate specimens
or inappropriate specimens, such as specimens
containing air bubbles with a request for blood gas
testing; (3) coagulation or leakage of specimens.
All these problems meant that the technologist
needed to contact the nursing station to request
another sample for analysis, which obviously
contributed to poor TATs.
In order to assess the performance of the Stat
Laboratory during a day, we analyzed the volume
of specimen and 90th percentile TAT in 2-hour
intervals. There were two peaks of TAT. The first
one turned up at 4:00–6:00 AM when the intensive
care units sent specimens to the Stat Laboratory
for testing. The second longest TAT was during
16:00–18:00 PM when the technologists on the
evening shift had to take over the work of speci-
men log-in that belonged to a technician working
on the day shift. Comparing with other tests, the
reporting of the Tn-I test was the most severely
delayed during these periods even with the addi-
tion of a technologist. This delay in reporting
might postpone clinical decision-making in the
practice of critical care. An improvement strategy
was undertaken to shorten the TAT of the Tn-I
test. To understand the workflow, we sketched a
flowchart of the Tn-I testing process and reengi-
neered the process to achieve a more satisfactory
90th percentile TAT. We handled the specimens
with a request for Tn-I testing as a matter of top
priority as shown in the workflow chart (Figure 4).
The 90th percentile TAT of the Tn-I test decreased
by about 18 minutes (from 66 to 48 minutes),
without significant changes in the overall 90th
percentile TAT despite the continuously increasing
test volumes, after 1 year of observation.
Assuming staff and instrumentation remain
invariable, obviously, the more work a laboratory
is required to perform, the greater the tendency
for an increase in TAT. The phenomenon observed,
that the analytical TAT correlated positively with
test volumes, seems to be intuitively obvious. One
issue addressed in this study is the adding of man-
power to the Stat Laboratory due to a statistically
significant increase in test volumes, in order to
provide a good quality patient service and main-
tain a reasonable 90th percentile TAT. We recom-
mend that if the test volume exceeds a critical
value, for example, the mean + 2SD of the past
half-year, adding manpower in order to maintain
an optimal TAT may be considered, in addition
to other methods of facilitating the process, such
as sample barcodes. Furthermore, good commu-
nication with clinical staff to reduce the number
of unnecessary requests for stat laboratory testing
is also very important. Periodic review of the stat
laboratory testing volume with the clinical staff
might help in the evaluation of the workload and
the efficiency of the laboratory; thus, feasible cor-
rective measures could be taken accordingly, and
the whole process would be beneficial in provid-
ing better and faster services to the physicians
and patients.
Since the most important determining factor
of patient care quality is the timeliness of test re-
sulting, or the so-called analytical TAT, it should
be monitored on a regular basis. We analyzed the
workflow to identify the problem areas and to
improve analytical TAT. Independent analysis of
the workflow by the stat laboratory manager led
to optimal changes in the procedures used to per-
form the Tn-I test and resulted in a significant
time reduction. The workflow chart proved to be
an effective way to evaluate and improve the norm
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of practice when combined with the analysis of
TAT. These findings demonstrate that a dedicated
means of process control is able to significantly
improve laboratory efficiency.
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